Rationale: Circulatory failure, especially with low systemic vascular resistance (SVR), as observed in septic shock, thyrotoxicosis, and anemia, is a particular pattern that should suggest thiamine (vitamin B1) deficiency. The clinical picture of wet beriberi secondary to thiamine deficiency only demonstrates non-specific clinical manifestations. For a diagnosis of wet beriberi, medical history is very important. Interestingly, imprisonment was also found to be related to thiamine deficiency. This article presents a rare case of wet beriberi associated with multiple organ failure (MOF) in a prison patient with years of heavy alcohol consumption.
Introduction
Wet beriberi, secondary to thiamine (vitamin B1) deficiency, is characterized by cardiovascular damage, and it is different from dry beriberi, which predominantly shows neurological involvement. We found that the vast majority of wet beriberi patients have causal factors, which is key for diagnosis. Here, we reported a case of a 39-year-old man with wet beriberi who had a history of long-term drinking, imprisonment, and furosemide administration and presented with multiple organ failure (MOF). The hemodynamic indices of the patient were remarkably reversed by thiamine administration. Importantly, we reviewed the literature on wet beriberi and summarized the etiology, reports of cardiac output (CO) and systemic vascular resistance (SVR), currently available diagnostic tests, and thiamine use in patients with wet beriberi. We believe the relevant content may have important clinical implications.
Case presentation
A 39-year-old man was admitted to our hospital complaining of repetitive symptoms of nausea, vomiting, respiratory distress, and palpitations for a period of 1 month; dyspnea and edema for 5 days; and decreased blood pressure and urine volume for 2 days. Ultimately, he was referred to a local hospital with the tentative diagnosis of heart failure and was initially treated by furosemide. The patient was imprisoned for violence for 4 months, during which his body weight decreased by 15 kg. His medical history included a bilateral congenital foot deformity and heavy alcohol abuse (2500-3000 mL beer/d for 19 years). Following admission to our emergency room, a physical examination revealed the following: consciousness; temperature: 36.6°C; blood pressure: 85/47 mmHg; heart rate: 126 bpm; body mass index: 20.5 kg/cm 2 ; no mottling; no sensory or motor deficits; no nystagmus, ataxia, or paresis; dilated jugular veins with generalized pitting edema; 2 lungs that sounded clear but had left-sided hypoinflation; no obvious rales; normal heart sounds; and normal physiological reflection without pathological reflection. The laboratory data are shown in Table 1 . An electrocardiogram indicated sinus tachycardia. Chest computed tomography showed bilateral pleural effusion with left lung atelectasis. Transthoracic echocardiography revealed a left ventricular ejection fraction (LVEF) of 77.1% with dilatation of the left atrium cavity (the inner diameter was 44 cm and the volume was 87 mL), normal right atrial and ventricular size, tricuspid regurgitation in association with a moderate degree of pulmonary hypertension (estimated systolic pulmonary artery pressure of 57 mmHg), velocity Doppler mitral valve (i.e., E) of 1.55 m/s, velocity tissular Doppler mitral annulus (i.e., E 0 ) of 0.09 m/s, output cardiac index by subaortic velocity time integral of 5.59 L/min/m 2 , and a small amount of pericardial effusion. The computed tomography pulmonary angiographic results were negative. Right heart catheterization showed high CO and low SVR ( Table 2 ). Thiamine deficiency was confirmed by the blood concentration of thiamine, which was assayed as 11 ng/mL (normal range, 20-60 ng/mL).
The day after admission to the emergency intensive care unit, the patient started treatment with approximately 2 L fluid challenge every day. Additionally, dopamine and norepinephrine were used to increase blood pressure. Due to high creatinine, low urine volume and generalized severe edema, continuous renal replacement therapy (CRRT) was used, together with basic supportive care. The patient was admitted to local hospital because of heart failure; the temperature of the patient was normal; the white blood cell was not high; and we cannot find the focus of the infection in the available evidence. Therefore, antibiotic administration was not initiated. On the third day, a course of vitamin B1 (100 mg) by intramuscular injection 3 times a day and 30 mg of oral vitamin B1 3 times a day was initiated.
The hemodynamic indices improved within 12 hours after the first dose of thiamine injection, and we stopped vasopressor treatment and CRRT during the following 48 hours (Fig. 1 , Supplementary Table 1 , http://links.lww.com/MD/C154). Heart failure symptoms (dyspnea, dizziness, etc.) disappeared as the hemodynamic status improved. On the sixth day, the injection dose was decreased to 100 mg of intramuscular vitamin B1 each day. A month later, echocardiographic examinations were normal. The patient was discharged uneventfully after 1 month of admission.
Discussion
Wet beriberi is one of the clinical syndromes associated with thiamine deficiency. Thiamine, in its phosphorylated form thiamine pyrophosphate (TPP), is the precursor for the cofactor of both pyruvate dehydrogenase and alpha-ketoglutarate dehydrogenase, which are both key enzymes of the Krebs cycle. The Krebs cycle is an essential part of aerobic glucose metabolism. A decrease in the activity of these 2 enzymes due to thiamine deficiency may lead to the tissue accumulation of pyruvate and lactate. [1] Moreover, the accumulation of pyruvate and lactate decreases peripheral resistance and increases venous blood flow, increasing the cardiac preload. Increased preload and myocardial dysfunction ultimately leads to congestive heart failure. [2, 3] Wet beriberi mainly triggers right heart failure. [4] [5] [6] The moderate pulmonary hypertension is common for wet Table 1 The laboratory data upon admission. Table 2 The right heart catheterization data upon admission. beriberi patient. [3, 4, 7] Our patient had a pulmonary hypertension of 57 mmHg. Increased pulmonary arterial blood flow, elevated pulmonary capillary wedge pressure reflecting elevated left ventricular end-diastolic pressure, and elevated pulmonary vascular resistance can all cause pulmonary hypertension. [3, 4] Hyperkinetic LVEF is observed in many patients. Attas et al [2] reported that the LVEF of a wet beriberi patient was 72%; Yamamura et al [3] reported the LVEF was 85%; our patient had a LVEF of 77.1%. Certain patients, including ours, may not demonstrate acidosis even in the setting of elevated lactate. The PH of these patients was preserved by a compensatory hyperventilation response. [3, [8] [9] [10] The store of thiamine in the body is small (approximately 30 mg), and with a half-life of 10 to 18 days. [11] [12] [13] [14] Thiamine deficiency should be suspected in patients with unexplained heart failure and lactic acidosis, in the setting of alcoholism, chronic malnutrition, and so on. [1] Based on the standard for wet beriberi, [2] wet beriberi was established in our patient. Besides this, wet beriberi has a rare and severe form; Shoshin beriberi is an acute and fulminant form of wet beriberi, which is described as a "rapidly curable hemodynamic disaster" that is characterized by hypotension, tachycardia, and lactic acidosis. [1, 5, 7, 8, 11, 12] The patient's condition improved after thiamine administration, vasopressor treatment, CRRT, and so on, but without antibiotic administration. Measurement of serum thiamine concentration was low. These further confirmed that the patient was diagnosed with wet beriberi.
For a diagnosis of wet beriberi, the patient's medical history is very important. The etiology of wet beriberi is illustrated in Fig. 2 . [1] [2] [3] [4] [5] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] Long-term drinking can lead to decreased vitamin B1 absorption and storage dysfunction and can increase the amount of damage; long-term drinking was the most common cause of wet beriberi. According to whether the patient has a history of long-term drinking or not, beriberi can be divided into alcohol-related beriberi and non-alcohol-related beriberi. Digestive system diseases and surgery were the other major causes of thiamine deficiency. Notably, bariatric surgery (including gastric bypass, sleeve gastrectomy, and duodenal switch) is the most important cause of vitamin B deficiency (mainly thiamine deficiency) to date. [26] Interestingly, imprisonment was also found to be related to thiamine deficiency. Zhang et al [15] reported 3 cases of wet beriberi in prison and mentioned that all of the prisoners had various symptoms of thiamine deficiency. Park et al [4] also reported on wet beriberi in prisons in western society. Cisse et al [27] studied Guinean prisons from 2010 to 2014 and found 38 cases of beriberi secondary to thiamine deficiency. There were 14 cases of demonstrated wet beriberi and 2 cases of Shoshin beriberi. Heart failure was a common observation in patients with wet beriberi. Furosemide is a loop diuretic that increases urinary output, thereby reducing edema in patients with congestive heart failure. Furosemide administration is related to thiamine deprivation, as it causes increased urinary thiamine excretion and is thus frequently associated with low thiamine intake levels. [8, 16, 28] Furthermore, in the largest clinical study of congestive heart failure patients, 30% of patients presented with thiamine deficiency that resulted from furosemide administration. [29] Even though thiamine deficiency is a non-uncommon situation in critically ill patients, wet beriberi is easily misdiagnosed and missed diagnosis. First, the typical features of wet beriberi are high CO and low SVR, but the typical features are often absent in many patients (Table 3 [2, 3, 5, [7] [8] [9] [17] [18] [19] ). Second, the clinical picture demonstrates only non-specific clinical manifestations. Some patients come to the hospital with low CO, as mentioned above, some present with ST segment elevation acute myocardial infarction, [11, 18] non-ST segment elevation acute myocardial infarction, [7] pericardial effusion, [3] or severe pulmonary arterial hypertension. [4] MOF is not uncommon. [19, 20] Acute renal failure was the most common complication of wet beriberi, with some of the patients requiring CRRT. [2, 5, [8] [9] [10] 14, 16, [18] [19] [20] [21] [22] Watson et al [30] reported that 39.4% (13/33) of wet beriberi patients had acute renal failure with high levels of blood lactate and pyruvate, which produced peripheral arteriovenous shunts, renal vascular contraction and blood flow reduction, resulting in a decreased glomerular filtration rate. Acute liver failure is another complication associated with wet beriberi. [14, 16, 19, 20] Watson et al [30] reported that 18.8% (6/32) of wet beriberi patients had acute liver failure related to hepatic congestion caused by right heart failure. In addition to acute renal failure and liver failure, our patient also had coagulation disorders and electrolyte disturbances (severe hyponatremia). Furthermore, measurements of serum thiamine concentration, the TPP effect and erythrocyte transketolase activity were the most common methods used, especially the measurement of thiamine concentration, in documents discussing the diagnosis of wet beriberi (Table 4) . Notably, there was lack of sensitivity and specificity data on these tests. Figure 2 . Etiology of beriberi. From 24 documents including 31 cases. Longterm drinking, digestive system disease and surgery, imprisonment, and furosemide administration were reported as causal factors. Mixture factors mean >1 factor, and at least include one of the factors mentioned above. Other cause was type-1 glycogen storage disease, which was reported in 1 case, and there was 1 case with unknown cause because the author did not mention it in the document. Table 3 Reports of cardiac output and systemic vascular resistance.
Cardiac output
Systemic vascular resistance Category Number (%) Category Number (%) Treatment with vitamin B1 is useful for the diagnosis and treatment of wet beriberi. It is generally accepted that suspected patients should be given a therapeutic administration of thiamine. Because measurement of serum thiamine concentration is difficult, complex, and uncommon, the results often arrive late and lack specificity; however, treatment with thiamine is considered safe. Signs of poisoning have not been reported when the blood concentration of thiamine was very high. Wrenn et al [31] retrospectively studied 989 patients receiving intravenous administration of vitamin B1 in a 100-mg bolus and found only 1 case of pruritus (major reaction) and 11 cases of transient local irritation (minor reaction).
Administration of thiamine for wet beriberi varies among authors (Table 5) . Generally, alcohol-related beriberi patients were administered a higher dose of thiamine than non-alcoholrelated beriberi patients, because alcohol can inhibit the uptake of vitamin B1 and the phosphorylation of its active form (TPP). [12, 32] For non-alcohol-related wet beriberi patients, currently, the most common treatment is a daily intravenous treatment of 100 to 200 mg of thiamine. Additionally, the dose of thiamine should be increased based on the presence of lifethreatening conditions; [12] later, oral administration is indicated.
For alcohol-related beriberi patients, doses should be increased appropriately. For Shoshin beriberi patients, after thiamine treatment, the hemodynamic indices (blood pressure, pulse, urine volume, serum lactate, etc.) dramatically improved in minutes to hours, [1, 3, [7] [8] [9] 11, 12, 16, 18] and we were able to rapidly reduce and finally stop vasopressor treatment in the following hours, as the hemodynamic indices returned to normal values. [1, 9, 11, 19] For our patient, the hemodynamic indices improved within 12 hours, and we stopped vasopressor treatment in the following 48 hours.
Conclusion
We have presented a case of wet beriberi (Shoshin beriberi) associated with MOF in a prison patient with a history of heavy alcohol consumption, an especially causal factor in this disease, in order to draw attention to etiology, typical features, diagnostic tests, and thiamine use for this forgotten but memorable disease. Patients with malnourished diet who have unexplained heart failure, lactic acidosis, and/or MOF should be empirically given thiamine administration without delay. Table 5 Reports of thiamine use.
Author
Publishing year Thiamine dose Thiamine usage Course of thiamine treatment Ozawa et al [16] 2001 100 mg per day Orally Until discharge Kawano et al [18] 2005 50 mg per day Intravenously 11 days Kountchev et al [19] 2005 100 mg twice a day Intravenously 14 days Park et al [4] 2007 50 mg per day Intravenously 7 days Toyonaga et al [22] 2009 50 mg per day Intravenously 7 days Loma-Osorio et al [7] 2011 100 mg per day Intravenously Brown [24] 2013 200 mg every 8 hours a time Intravenously Zhang et al [15] 2014 Intramuscularly 2014 Intramuscularly 2014 Intramuscularly Misumida et al [8] 2014 100 mg per day Intravenously Kim et al [11] 2014 100 mg per day Intravenously Imamura et al [9] 2015 200 mg per day Intravenously Dabar et al [1] 2015 100 mg per day Intravenously Until discharge 2015 100 mg per day Intravenously Until discharge 2015 100 mg per day Intravenously Until discharge 2015 100 mg twice a day Intravenously Yamamura et al [3] 2016 100 mg per day Intravenously Cottni et al [12] 2016 500 mg third a day Until discharge Table 4 Currently available diagnostic tests for wet beriberi.
Author Publishing year
The concentration of thiamine (ng/mL) Thiamine pyrophosphate effect (%) Erythrocyte transketolase activity Attas et al [2] 1978 0.67 IU/g La Selve et al [17] 1986 48 101 mU/mL Ozawa et al [16] 2001 18 Kawano et al [18] 2005 8.7 Tran et al [14] 2006 2.7 34 Park et al [4] 2007 6.3 Toyonaga et al [22] 2009 12 Loma-Osorio et al [7] 2011 0.7 IU/g Bello et al [23] 2011
19.8 2011 18 Misumida et al [8] 2014 11 Imamura et al [9] 2015 16 Yamamura et al [3] 2016 13
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